Good quality dry seeds of Moringa oleifera were selected and the seed coat and wings were removed manually. The kernel was ground to fine powder using the coffee mill attachment of the Moulinex domestic food blender. The ground powder was then sieved through 210 µm sieve. The seed powder was de-fatted using hexane in electro-thermal Soxhlet extractor. Moringa seeds extract was obtained using the de-fatted seed cake and aqueous extraction. Different preparations of Moringa extract were added to 10 mL of the Escherichia coli suspension and incubated for 2 h without agitation. Survival of bacterial cells was assessed by making dilution series of bacterial suspensions, plating on nonselective LB medium agar dishes, and incubating for 48 h at 37°C. Duplicates were made of every individual assay. Colonies were counted on dishes and the bacterial cell survival ratio was estimated by comparison to a control experiment where no Moring extract was added. The bacterial removal was optimized by varying the mixing time, mixing speed, and Moringa seeds extract dosage. Statistical optimization was conducted by using central composite design (CCD). The experimental data was analyzed using statistical software DESIGN EXPERT, V6.4.8 DEC 10 2002 for Windows. The response surface model was used to determine the optimum operating condition that yields the highest antimicrobial compounds activities from M. oleifera seeds extracts. A cubic model was fitted to the data. The standard deviation for the cubic model was 0.56, with R 2 = 0.9999 and adjusted R 2 = 0.9994. The analysis of variance (ANOVA) showed that the effects of mixing time, mixing speed and Moringa dosage were significant (p < 0.05) in the extraction process. The Quadratic model was used in predicting the responses and the optimal conditions were determined as 31 min mixing time, 85 rpm mixing speed and 3.25 mg/mL Moringa dosage. The results show that the predicted and experimental values were not significantly different and it was thus concluded that the model obtained can be used to optimize the process of antimicrobial bioactive compound extraction from de-fatted M. oleifera seeds.
INTRODUCTION
Many researchers (Bina, 1991; Muyibi et al., 2003) have reported the great potential of Moringa oleifera (Zogale) seeds extract in water treatment. Several researchers *Corresponding author. E-mail: mhbichi2000@yahoo.com.
have reported its use as a coagulant (Jahn and Dirar, 1979; Muyibi and Evison, 1995; Jahn, 1986 Jahn, , 1988 Folkard et al., 1992) ; a softening agent (Muyibi et al., 2003) ; and a bactericidal agent (Madsen et al., 1987; Eilert et al., 1981; Kalogo et al., 2000) . Thilza et al. (2010) reported that Moringa leaf stalk extract had Afr. J. Biotechnol. mild activities against E. coli and Entrobacter aerogenes. Bukar et al. (2010) also studied the antimicrobial activities of Moringa seed chloroform extract and Moringa seed ethanol extract. They found both show inhibitory effects on the growth of E. coli and the minimum Inhibitory Concentration (MIC) was > 4 mg/ml.
The safety of using M. oleifera in water treatment has also received some attention. Sani (1990) reported the use of leaves as vegetables and for medicinal purposes in Northern Nigeria. Berger et al. (1984) in a study on the toxicology of M. oleifera seed concluded that it may not constitute a serious health hazard. Muyibi and Evison (1995) suggested that further studies need to be carried out to ensure the complete safety of using M. oleifera in water treatment. Folkard et al. (1989) however reported that to date, all the studies have concluded that there is no evidence to suggest any acute or chronic effects on humans, particularly at the low doses required for water treatment.
The mechanism of the action of M. oleifera seeds extract in water disinfection is yet to be fully understood (Suarez et al., 2005) . Bichi (2011) studied the effect of the method of seed processing on the disinfection action of Moringa. It was found that the largest zone of inhibitions of 9 mm (using agar well method) and 12.38 mm (using Disc Diffusion method) were produced with the Moringa Disinfection Solution which was produced using the de-fatted Moringa cake and aqueous extraction method. In comparison, Thilza et al. (2010) found that extract from Moringa leaf stalk, 1000 mg/mL, inhibited E. coli with the zone of inhibition of 10 mm. The operating conditions for the extraction of the bioactive compounds, however, needs to be optimized to obtain the best result for subsequent application. The aim of this research was to determine the optimum operating conditions for the application of M. oleifera seeds extract in water disinfection. This involved optimizing the operating conditions (Moringa extract dosage, mixing time and mixing speed), for the extraction of the bio-active constituents of the M. Oleifera seeds, for application in the disinfection of portable water. The optimized parameter was the percentage of E. coli removal with M. oleifera seeds extract.
MATERIALS AND METHODS

Preparation of Moringa oleifera seeds extract
The dry M. oleifera seeds used for the studies were obtained locally from the villages surrounding the Bayero University (New Campus) Kano, Nigeria. The seeds were air freighted to the Biotechnology Engineering Research Unit (BERU) of the Department of Biotechnology Engineering, Kulliyya of Engineering, International Islamic University Malaysia (IIUM) Kuala Lumpur, Malaysia where the laboratory investigation was carried out. Good quality dry seeds of M. oleifera were selected and the seed coat and wings were removed manually. The kernel was ground to fine powder using the coffee mill attachment of the Moulinex domestic food blender. The ground powder was then sieved through 210 µm sieve. The seed powder was de-fatted using hexane in electro-thermal Soxhlet extractor (Ali, 2010) and the procedure was as follows: Weighing 10 g of M. oleifera seed powder and setting it in the thimbles of the electro thermal soxhlet extraction chamber; addition of 170 mL of hexane in the heating chamber; evaporating of hexane within three cycles each for 30 min to ensure the extraction of oil from the seeds (until the hexane became colorless); drying of M. oleifera cake residue from the soxhlet thimbles and weighting the dry sample (Muyibi et al., 2003) .
The M. oleifera cake residue stock after oil extraction was used in the preparation of the Moringa seeds extract. Measured quantities of the de-fatted Moring seed powder was dissolved in a beaker and made up to 1000 mL with distilled water. The active ingredients were extracted by mixing with a stirrer at a pre-set mixing speed and for a pre-set mixing time as outlined in the experimental design. The mixture was filtered through No.1 Whatt-man filter paper and the extract was used for the disinfection studies.
Preparation of Escherichia coli culture
The E. coli culture was prepared as described in Obire et al. (2005) . Nutrient broth (130.0 gm) was dissolved in 1000 mL distilled water by heating slightly. The mixture was sterilized at 130°C for 15 min at 15 SPT in autoclave. The sterilized broth was cooled to room temperature and was used to prepare the E. coli culture. Escherchia coli (ER2566) strain, obtained from the Department of Biological Sciences, Bayero University, Kano-Nigeria, was grown in 10 mL broth at 37°C overnight to obtain an exponential growth phase. This gave an E. coli concentration of 1.0 × 10 5 cfu/mL and was used for disinfection studies as the synthetic water.
Disinfection studies
The procedure for the disinfection study described in Suarez et al. (2003) and Fisch et al. (2004) was used. The study was conducted according to the experimental matrices developed as presented in Tables 1 and 2 . One milliliter (mL) each of the Moringa extract dosage (Table 2 ) was added to 10 mL of the E. coli suspension and incubated for 2 h without agitation. The various cell survivals were assessed by making dilution series of bacterial suspensions, plating on non-selective LB medium agar dishes, and incubating for 48 h at 37°C. Duplicates were made of every individual assay. Colonies were counted on dishes and the cell survival ratio was estimated by comparison to a control experiment where no Moringa extract was added. The same procedure was applied to surface water obtained from Rimin Gado dam reservoir, about 13 km from Bayero University New Campus, for the validation of the results.
Experimental design
Optimization parameters
The aim here was to determine the responses of a dependent variable on some chosen independent variables. The dependent variable selected for this study was the residual E. coli count expressed in bacterial population removal (%). The independent variables chosen were mixing speed (rpm), mixing Time (min), and M. oleifera extracts dosage (mg/L). The range of values of each of these parameters used for the optimization study was chosen based on the following criteria: 2 to 60 min was selected for this study to cover this range in the disinfection study.
(ii) Mixing speed (B): Ali (2010) , using 20 to 60 rpm low speed and 100 to 150 rpm high speed mixing, found that high speed mixing was not significant for coagulation and obtained highest turbidity removal at 100 rpm and 60 min mixing time. The study also found optimum turbidity removal at 40 rpm mixing speed and 41 min mixing time. Thus, a mixing speed covering this range of 20 to 150 rpm was chosen for the disinfection study.
(iii) Moringa dosage (C): Suarez et al. (2003) reported that 2 mg/mL of Moringa had the strongest inhibition and 6 mg/mL of Flo had the highest effect on E. coli growth. Thilza et al. (2010) , using extracts from Moringa leaf stalk, found 1000 mg/mL had mild activity against E. coli and Entrobacter aerogenes. Bukar et al. (2010) reported 4 mg/mL as the minimum inhibitory concentration (MIC) for chloroform extract of M. oleifera seeds. Ali (2010) found 0.75 mg/L Moringa seeds extract as optimum concentration for coagulation of low turbidity waters. In this study therefore, a concentration range of 0.5 to 6.0 mg/L Moringa seeds extract was considered for the optimization of the operating conditions for the application of Moringa seeds extract in water disinfection.
Experimental design
The optimization study was carried out using response surface methodology (RSM), which is a statistical method that uses quantitative data from appropriate experiments to determine the regression model equation and the operating conditions (Gan and Latiff, 2011) . The dependent variable selected for the study is the residual E. coli count expressed in percentage bacterial removal, and the independent variables chosen are: i) mixing time[A] (min); ii) mixing speed [B] (rpm); and iii) processed M. oleifera seed extract dose [C] (mg/mL). Statistical optimization was conducted by using central composite design (CCD). The experimental data was analyzed using statistical software DESIGN EXPERT, V6.4.8 DEC 10 2002 for Windows. Using the range of values for the three parameters selected, Design expert generated the following experimental design. The range and centre point values of the three independent variables were presented in Table 1 . These were based on the results of Suarez et al. (2003) and Ali (2010) . The experimental design consisted of eight factorial points, six axial points at a distance of ±1.682 from the centre and six replicates of the central point. Five experimental runs were added based on point results obtained by earlier researchers (Suarez et al., 2003; Ali, 2010) investigating other applications of Moringa in water treatment. The extreme lowest values were negative, and hence were adjusted to the next lower positive values.
The design summary and the design layout for the 25 experiments were given in Table 2 for surface response, central composite design. Each experiment was replicated three times (Suarez et al., 2003) and the mean values selected as observed response.
As presented by Gan and Latiff, (2011) , the variables were coded according to the equation:
Where X = coded value, Xi = actual value, Xo = actual value in the centre of the domain, and ∆X= the increment of Xi corresponding to a variation of 1 unit of X. The mathematical model corresponding to the composite design is:
Where Y = dependent variable (Percentage Coliform reomoval), βo = model constant, βi , βii, βij = model coefficients, and ε = error.
The equation represents the linear, quadratic and interaction effects of the variables. Design expert software (Version 6.0, Stat-Ease, Inc., Minneapolis, MN) was used to analyze the experimental data and calculate the predicted responses. The validity of the experimental design was verified using additional experiments thereafter.
Statistical analysis
The experimental data was analyzed using statistical software (DESIGN EXPERT, V6.4.8 DEC 10 2002 for Windows) to develop the factorial regression model for determining the optimum conditions. The optimal extraction conditions were estimated from the regression analysis and three-dimensional (3D) response surface plots of the independent variable and each of the three dependent variables.
Model verification
The predictive model was verified using surface water collected from Rimin Gado dam reservoir about 15 km from the Bayero University New Campus. The procedure was as described in Suarez et al. (2003) , Fisch et al. (2004) and Gan and Latiff (2011) as earlier presented in Section 2.3.
RESULTS AND DISCUSSION
Observed and predicted E. coli removal
The detailed results for the 25 experimental runs are given in Table 2 , together with the observed responses and predicted values. The percentage of E. coli removal ranged from 44.8 to 100.0%. The highest E. coli removal was obtained at mixing speed of 85 rpm, mixing time of 31 min, and Moringa dosage of 3.25 mg/mL. Figure 1 shows the plot of the predicted versus actual responses and a close agreement between experimental and predicted values was indicated. The normal plot of residuals ( Figure 2 ) also indicated good normality of the residuals.
The highest E. coli removal was obtained under the experimental conditions of mixing time (A) = 31 min, mixing speed (B) = 85 rpm, and moringa dosage (C) = 3.25 mg/mL. All the six axial points fall at this value (Figure 3 ) and the point prediction gave percentage E. Coli removal of 99.4167% with 98.83% at 95% CI low and 100% at 95% CI high. The standard error of the mean was 0.23 which was low enough (Table 5) . Table 3a , b and c shows the model fit summary. A cubic model was indicated with the sum of squares of 7220.76, 10 degrees of freedom, and an F value of <0.0001 which is <0.05 and thus the model is significant (Table 3a) . The lack-of-fit test result (Table 3b) shows that the model has insignificant lack-of fit. With 0.0 sum of squares and < 0.0001 p-value. Table 3c shows that the standard deviation for the cubic model was 0.56, R 2 = 0.9999 and adjusted R 2 = 0.9994 which was the highest value of adjusted R 2 and thus was adequate. Table 4 shows the analysis of variance (ANOVA) for the response surface cubic model. The ANOVA indicated that the contribution of the cubic model was significant. The fitted cubic model in coded variable was given in equation (3) The significance of each coefficient was determined using the F-test and P-value (Table 4) .
Model fitting
According to Atkinson and Doney (1992) , the corresponding variables would be more significant if the absolute F-value becomes greater and the P-value becomes smaller. Values of p (Prob >F) greater than 0.100 indicates the model terms are not significant. The model F-value of 2122.84 implies the model is significant. There is only 0.01% chance that a 'model F-value' this large could occur due to noise. , ABC are significant model terms.
"Adeq Precision" measures the signal to noise ratio. A ratio greater than 4 is desirable. In this case, ratio of 120.548 indicates an adequate signal and thus the model can be used to navigate the design space.
From Table 4 , the variable with the largest effect on the E. coli removal was the Moringa dosage (F = 1143.76), followed by the interaction term of mixing time and mixing speed (AB: F = 926.16) and the cubic term of moringa dosage (C 3 : F = 798.43). The p-values (Prob.>F) of < 0.05 indicated that all the model terms were significant.
Response surface model
The 3D response surface and contour plot as a function of mixing speed and Moringa dosage mixing time and Moringa dosage, and mixing speed and Moringa dosage are given in Figures 4a, b, 5a , b, and 6a, b respectively. Figure 4a and b shows that the region of 85 rpm mixing speed and 31 to 35 min mixing time would give a higher E. coli removal, compared to higher or lower mixing speed and mixing time. The removal of E. coli decreased with increasing or decreasing mixing speed from this region. Figure 5a and b show that E. coli removal was maximum at around 3.0 to 3.5 mg/mL Moringa dosage and 31 to 45 min mixing time, whereas it decreases with low values of mixing speed and higher or lower Moringa dosage. Figure 6a , and b shows that up to 100% E. coli removal could be achieved around 3.0 to 3.5 mg/mL Moringa dosage and 80 to 90 rpm mixing speed. This efficiency, however, decreased with higher or lower mixing speed and Moringa dosage.
Optimization
The centre point prediction from the model is given in Table 5 . This showed the centre point for the optimized design solution at a mixing time of 31.0 min, mixing speed at 85.0 rpm, and Moringa dosage of 3.25 mg/mL within the range of values of the variables considered. All the six design points yielded E. coli removal of around 99.4167 and 98.83% at 95% Confidence Interval fall within this centre point. This design point was indicated in the overlay plots of mixing speed and mixing time given in Figure 7 . Using this centre point prediction as a constraint (Table 6a) , the response surface model yielded two design point solutions as shown in 
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A: MIXING TIME These response surface model predictions were used to verify the model.
Verification of predictive model
Based on the findings above, an optimization study was carried out to evaluate the optimal operating conditions for the responses. The target was to obtain high E. coli removal within the extraction parameters where conside-ration of efficiency, energy conservation and feasibility of experiment were taken into account. Two solutions were generated by the software as indicated in Table 6b . Experiments were conducted at these conditions and comparison was made between the experimental results and the predicted results. The experiments were repeated using synthetic water and surface water. Table 7 shows the percentage of E. coli removal for both the centre point model and the predictive models using synthetic water, and the optimal condition for the E. coli removal with the predicted and experimental values. These showed that only small deviations were found between the experimental and predicted values, for the centre point and the first predictive model. There was, however, a difference of 3.47% between the experimental and predicted values for the second predictive model which was also within the 5% CI. Table 8 shows the percentage of E. coli removal for both the centre point and predictive models using river water obtained from Rimin Gado dam reservoir, and the comparison of experimental versus predicted results in the two cases. Both results in Tables 7 and 8 indicated very close agreement between experimental and pre-dicted results using synthetic and surface waters for the centre point and the predictive models. Thus the optimum values of the process variables were: mixing time -31.0 min; mixing speed -85 rpm; and Moringa dose of 3.25 mg/mL. These results also fall within the range of results obtained by Ali (2010) for optimization of operating conditions for application of M. oleifera in water coagulation. The model can therefore be used to optimize the process of bioactive antimicrobial compounds extraction from M. oleifera seeds.
Conclusion
The response surface model was used to determine the optimum operating condition that yielded the highest antimicrobial compounds activities from M. oleifera seeds extracts. The analysis of variance (ANOVA) showed that the effects of mixing time, mixing speed and Moringa dosage were significant in the extraction process (p < 0.05). Quadratic model was used in predicting the responses and the optimal conditions were determined as 31 min mixing time, 85 rpm mixing speed and 3.25 mg/mL Moringa dosage. The results show that the predicted and experimental values were not significantly different. Thus, it can be concluded that the model obtained can be used to optimize the process of antimicrobial bioactive compound extraction from defatted M. oleifera seeds.
